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Abstract:

In the Baltic clam Macoma balthica from the Gulf of Gdansk, neoplasia is considered as a serious
epizootic linked to bad environmental conditions and high levels of pollutants. Previous research was
focused on the diagnosis, prevalence, seasonality and histopathological characteristic of the cancer.
This study is focused on electron microscopy analyses describing cell ultrastructure abnormalities
related to neoplasia. Examinations using the electron microscopy highlighted changes confined to
anatomic ultrastructures, shapes and functions of neoplastic cells. The lobulated appearance of the
nucleus, changes in cellular matrix and the occurrence of large granular cells with hyperchromatic
nuclei, atypical Golgi structures and deterioration of rough endoplasmic reticulum manifested the
disease. The presence of atypical mitochondria, free ribosomes and hypertrophic nuclei suggests the
adaptation of neoplastic cells to increased mitotic activity, while the observed modification of cellular
membranes may reflect functional changes connected to increased pinocytotic activity or intercellular
transport. The cancer cells were found to appear in two types, abnormal round-shaped cells and
spindle-shaped cells, both with increased frequencies of cell division. Round-shaped cells typical for
disseminated neoplasia were observed in all affected bivalves, in a few cases co-occurring with
abnormal spherical cells. Spindle-shaped cells containing some intracytoplasmic filaments, and with a
tendency of the nuclei to be orientated as in a palisade were interpreted as myofibroblasts-like cells
and were observed in five out of eleven clams diagnosed as neoplastic. This finding represents the
first demonstration of phenotypic differences in the cell types co-occurring in animals diagnosed as
neoplastic and by that suggests coexistence of two types of bivalve cancer, disseminated neoplasia
and probable fibrosarcoma.
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Introduction

An increase in both the number and types of tumours found worldwide in shellfish has been
noted over the past decades. Pathological conditions referring to cancer has been observed in
many marine bivalves species (see Mix 1983, Barber 2004, Wolowicz et al. 2005).
Proliferative neoplastic disorders in marine invertebrates characterized by a high aneuploidy
level, nuclear and cellular polymorphism, the presence of numerous nucleoli in the nucleus,
and a high mitotic activity were for the first time reported by Farley (1969). The lack of an
architectural pattern and epitheliosis has also been noted in cancer diseases (Elston et al.
1992).

Soft tissue tumours may be classified according to the tissue they resemble; therefore electron
microscopy currently plays a significant role in the evaluation of neoplasias. Farley (1976)
and Rasmussen (1986) were the first to describe the basic characteristics of neoplastic cells.
Cancer-based changes in those cells were confined to modification of cellular membrane and
to appearance of changes in the cellular ultrastructures. In general, neoplasia was
characterized by the occurrence in the haemolymph of large granular cells with hypertrophic
and hyperchromatic nuclei, increased mitotic activity and changes in the cells ultrastructures.
General pathological conditions identified as neoplastic and occurring in M. balthica have
previously been described by Christensen et al. (1974), Farley (1976), Pekkarinen (1993) and
Smolarz et al. (2003, 2005a and b).

In Macoma balthica from the Gulf of Gdansk, neoplasia was for the first time identified in
1995 (Thiriot-Quiévreux and Wotowicz 1996) and is regarded as a serious problem, probably
linked to bad environmental conditions and the occurrence of pollutants (Thiriot-Quiévreux
and Wotowicz 2001). Since then a number of studies have been performed in order to define
the etiology and to show the characteristic of the cancer (Smolarz et al. 2003, Sokotowski et

al. 2004, Smolarz et al. 2005a and b, Wolowicz et al. 2005).
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This paper describes electron microscopy characteristics of neoplastic cells of M. balthica
from the Gulf of Gdansk to assess the diagnosis of neoplasia. It describes the putative

occurrence of myofibroblast-like cells and probable fibrosarcoma in the Baltic clam.

Material and methods

Fifty animals of M. balthica (shell length range from 10 to 20 mm) were collected by
dredging in the Gulf of Gdansk (Baltic Sea, Poland) in summer 2004.

For histological analyses, the body of each individual was removed from the shell and placed
in the Davidson’s fixative for 48 h. In addition, small gill pieces, muscles and gonads (3-4
mm thick) were cut and fixed in Carlson’s fixative. Samples were dehydrated through an
ascending ethanol series, cleared in xylene and embedded in paraffin. Histological blocks
were sectioned at 2 um thickness. Sections were stained (H&E) and carefully checked for the
presence of abnormalities related to neoplasia. Accurate staging of the disease progression
was not performed.

After the light microscopy examination of histological sections, clams affected by neoplasia
were selected and processed for transmission electron microscopy (TEM). For TEM analyses,
3 - 4 mm thick transverse sections of gonad, gills and foot muscle were placed in 3%
gluteraldehyde in cacodylate buffer (1100 mOsm, pH 7.4) for 2 h at 4 °C, fixed in 1%
osmium tetroxide in the same buffer for 1 h, at 4 °C and rinsed twice in cacodylate buffer
(1100 mOsm, pH 7.4) for 10 min. Samples were then dehydrated through an ascending
ethanol series, rinsed twice in propylene oxide and gradually infiltrated in propylene
oxide/Epon resin (50:50) within 20 min. Samples were embedded in 100% Epon resin and
polymerised at 60 °C for 48 h. Blocks were sectioned at 0.5 to 1 um thickness, stained with
toluidine blue in 1% aqueous sodium borate solution at 100 °C, rinsed with distilled water and

checked with the light microscope. Based on the microscopic observations, selected blocks
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were further processed and sectioned for electron microscopy examination. Ultra-thin sections
were cut, collected on copper grids and double stained with uranyl acetate and lead citrate.
Sections were analysed under a Jeol JEM 1200 EX transmission electron microscope at a

voltage of 80 k'V.

Results

Out of 50 animals 11 clams presented abnormal changes identified as neoplasia, giving an
overall prevalence of 22%. Based on histological analysis, clams with neoplasia were
characterized by enlarged, undifferentiated cells presenting a high nucleus-to-cytoplasm ratio,
a high mitotic index and cellular and nuclear polymorphism (Fig. 1a). Neoplasia was
primarily observed in gills, connective tissue of gills and digestive gland (Fig. 1b). In the
more advanced cases of cancer, abnormal cells were found in all organs throughout the body.
Electron microscopy analyses were performed on six chosen clams that were severely
affected by the cancer. Electron microscopy representation of neoplasia is shown in Fig. 2 to
4. Cells manifesting systemic neoplasia were found to exist in two types, abnormal round-
shaped hypertrophic cells and irregular spindle-shaped cells. Abnormal round-shaped cells
had irregular nuclei, dense cytoplasm, and a high nuclear-cytoplasmic ratio. These cells were
seen in gills and other organs (Fig. 2a). Mitochondria were aggregated and enveloped by an
undefined structure named here a pseudo-membrane (Fig. 2b and c). A high number of free
ribosomes was also observed in the neoplastic cells.

Spindle-shaped cells occurred in animals suffering from advanced lesion of neoplasia. These
lesional cells had eosinophilic cytoplasm and spindled nuclei with tapered ends. Nuclei of the
spindle-shaped cells had a tendency to be orientated as in a palisade (Fig. 3). These cells had a
finely granular or fibrous cytoplasm with elongate polymorphic, hyperchromatic, irregularly

shaped nuclei and a high nucleus-to-cytoplasm ratio (Fig. 4). They were often primarily
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observed in the connective tissue of gills or muscles, blood and lymphatic vessels.
Meandering invaginations gave the nucleus envelope a lobulated appearance. This kind of
cells also contained intracytoplasmic filaments. The gill epithelium was composed of thicker
and tapered fibrocytes. In the very advanced cancer, elongated cells occurred in all tissues and
organs. Pathological characteristics of both cancer forms include the proliferation of abnormal
cells throughout the open circulatory system, metastasis to the adjacent organs, displacement,
degeneration and necrosis of normal tissue (Fig. 1b and 5).

The results of the analyses can be summarized as follows. First, round-shaped cells were
detected in all eleven abnormal clams. Secondly, five out of eleven clams diagnosed as
neoplastic (45.5% of all abnormal cases) were characterized by the coexistence of abnormal
cells of both types, namely round and spherical (Fig. 6). The entire lesions were typically very

cellular.

Discussion

Several changes in cell ultrastructures confined to anatomic structure, shape and functions of
neoplastic cells have been described in this paper. The paper by Farley (1976) involves the
only previous description of neoplastic changes in the cell ultrastructures of Macoma balthica.
In that paper the author describes nuclear hypertrophy, modifications of cellular membrane
manifested by the lobulated appearance of the nucleus, high number of free ribosomes and
high mitotic activity of cancer cells. Frequently observed nuclear hypertrophy comprise a
characteristic feature of many cancer diseases and have been described by several authors
(e.g. Christensen et al. 1974, Mix et al., 1979, Elston et al.,, 1992, Villalba et al., 2001,
Smolarz et al. 2003). Moreover, the presence of atypical mitochondria, free ribosomes,
nuclear and nucleolar hypertrophy and multiple nucleoli frequently noted in affected clams

shows the adaptation of neoplastic cells to the increased mitotic activity. The occurrence of

Ultrastructural study of neoplastic cells in Macoma balthica from the Gulf of Gdansk (Poland),
Smolarz et al. email:smok@satocean.univ.gda.pl

5



swollen membrane folds in cellular matrix of gill cells observed in the cancer cells may reflect
functional changes linked to increased pinocytotic activity or intercellular transport.
Moreover, Farley (1976) also noted an increased number of glycogen granules, confirming
the adaptation of cancer cells to higher mitotic activity. Furthermore, Rasmussen (1986)
observed a high number of hypertrophic mitochondria and cellular matrix filled with small
vesicles of smooth and rough endoplasmatic reticulum. Swollen intracristal spaces and
increased density of mitochondrion matrix frequently noted in abnormal clams might be a
sign of weakness of the cell and/or their mortality. For example, metallic pollutants in the
sediments might cause ultrastructural changes in mitochondria, as was previously described
by Squibb and Fowler (1981) and Aloj Totaro et al. (1986). The division of fibrilar and
granular parts of the nucleus of neoplastic cells presented here may suggest an involvement of
environmental genotoxins in the induction of neoplasia (Auffret and Poder 1986). This kind
of division appears to be typical in the cells exposed to carcinogenic or antimetabolic
substances. It can be hypothesized that genotoxins and other mutagenic substances occurring
in the Gulf of Gdansk initiate the cancer progression directly in the cell ultrastructures. Since
the first identification of neoplasia in M. balthica from the Gulf of Gdansk in 1995 (Thiriot-
Quiévreux and Wotowicz 1996), a number of studies have been performed in order to define
the etiology and to give characteristics of the cancer (Thiriot-Quiévreux and Wotowicz 2001,
Smolarz et al. 2003, Smolarz et al. 2005a). Recent data from the concurrent monitoring of the
surface sediment’s toxic influence to benthic organisms (ToxAlert test) suggests a direct
relationship between the sediment toxicity and the prevalence of neoplasia (Wilcoxon test,
p<0.02), highlighting the impact of sediments on the tumour’ etiology (Wolowicz et al. 2005,
Smolarz et al. 2005 b).

In the present study, cells manifesting systemic neoplasia were found to exist in two types,

abnormal round-shaped hypertrophic cells and irregular spindle-shaped cells. The observed
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spindle-shaped cells containing intracytoplasmic filaments were interpreted as probable
myofibroblasts. The term “myofibroblast” defines cells that exhibit some of the ultrastructural
and biochemical features of both smooth muscle cells and fibroblasts, including the presence
of fibers and the expression of actin (Majno et al. 1971, Desmouliére 1995). It is a common
knowledge that the myofibroblasts play an important role in healing processes and in fibrotic
diseases in vertebrates (Nakatsuji et al. 1997, Schiirch et al. 1998). Moreover, it has been
suggested that myofibroblasts may constitute a unique expression of host response to
neoplasia, as it was demonstrated for the Hodgkin’s disease in humans (Seemayer et al. 1980,
Batsakis et al. 1982). Myofibroblast-like cells were found only in the invasive and
metastasising carcinomas. In the venerid clams Tapes decussatus and T. semidecussatus this
type of cells was also observed in areas affected with the parasite Perkinsus atlanticus
(Montes et al. 1997). Because of infiltration by granulocytes and demarcation by
myofibroblast-like cells and extracellular matrix, Montes et al. (1997) interpreted these areas
as a singular defensive response to infection with the parasites. Van der Knaap et al. (1993)
reported that invertebrate hemocytes constitute a population with morphological and
functional heterogeneity. Lebel et al. (1996), based on hemocyte morphological
characteristics of the gastropod Haliotis tuberculata, distinguished two categories of cells
represented by the fibroblast-like cells and the epithelial-like cells. The fibroblast is a
remarkable cell capable of a wide variety of phenotypic modulations in response to
physiological conditions that include transformation into cells with contractive potential such
as myofibroblast. Neoplasm composed of proliferating fibroblasts and myofibroblasts is also
known as malignant fibrosarcoma and myofibrosarcoma (Jochum et al. 2004) and has been
commonly described in vertebrates. In this paper, all cases with fibrosis showed the
proliferation of myofibroblast-like cells in the digestive gland, gills and adjacent mantle

tissue. Proliferation of fusiform cells may be interpreted as probable fibrosarcoma. This kind
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of cancer represents a type of neoplasia that arises from fibroblast-like cells or mesenchymal
cells capable of producing fibers. The cancer is also characterized by the occurrence of fibers,
hyperchromatic and pleomorphic nuclei (Batsakis et al.,, 1982). The diagnosis was partly
confirmed by the existence of atypical spindle cells orientated as in a palisade with slender
nuclei and scant cytoplasm. The presence of focal anaplasia and increased mitotic activity was
paramount, and aggressive clinical behaviour (increased mitotic activity, metastases) was
taken into account when making a histopathological diagnosis. Nevertheless, poorly
differentiated fibrosarcoma described here demonstrated smaller, more aggressive and more
primitive cells than the well-differentiated lesion. Fibrosarcoma has already been observed in
the gonadal stroma of Mytilus sp. and Crassostrea virginica (Peters et al. 1994).

Pathological characteristics of both cancer forms reported here were similar to those reported
for neoplastic conditions in general and include the proliferation of abnormal cells throughout
the open circulatory system to the adjacent organs, metastases, displacement, degeneration
and necrosis of normal tissue. On that basis it is hypothesised that round and spindle-shaped
cells described here appear to represent cytomorphological differences in cell types of the
same proliferative disorder, as is neoplasia. Both forms were also characterized by the
occurrence of highly anaplastic large granular cells with pleomorphic nuclei, atypical
mitochondria, high mitotic activity and a high nuclei-cytoplasm ratio. All these characteristics
represent typical features of rapidly proliferating neoplasm (Christensen et al. 1974, Elston et
al. 1992, Villalba et al. 2001). Farley (1976) merely describes the occurrence of round-shaped
abnormal cells, while the occurrence of spindle-shaped cells reported in this study has not
been previously noted. Moreover, Thiriot-Quiévreux and Wolowicz (2001), studying
neoplastic disease in M. balthica from the Gulf of Gdansk, described karyological damages
manifested by chromosomal alternations and inferred the coexistence of another specific but

undefined type of neoplasia.
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The fact that phenotypic differences occur in the two cell types discussed above suggests two
things: First that the described anomalies refer to disseminated neoplasia because round-
shaped cells typical for this cancer type appeared in all affected clams. Additionally, the
appearance of spindle-shaped cells was only detected in a few affected bivalves and only
together with round-shaped cells - these two abnormal cell types probably represent different
types of co-occurring neoplasms in the examined clams, namely disseminated neoplasia and
probable fibrosarcoma.

Fibroblastic neoplasms usually have a variable immunoreactivity, and the more pleomorphic
the tumour, the more difficult it is to determine the tissue of its origin (Erlandson and
Woodruff 1998). Thus it must be emphasized that the presence of spindle-shaped cells only

implies the cytological origin of the cancer and by that suggest the presence of fibrosarcoma.
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Fig. 1a and b. Histological section through gills of M. balthica with neoplasia showing: (a)
large neoplastic cells with hypertrophic nuclei, note round shaped cells with multiple nuclei
(arrow), H&E staining, scale bar 10 um; (b) section showing severely damaged gills and

proliferation of abnormal round-shaped cells, H&E staining, scale 50 pm.

Fig. 2. Transmission electron micrographs (TEM) of neoplastic cells of M. balthica, scale 500
nm (a), (b) neoplastic cell with irregular nuclei, the high nuclear-cytoplasmic ratio and
enveloped mitochondria (arrows), scale 1 pm, and (c) enlargement of figure (b) showing

aggregated mitochondrion with swollen intracristal spaces and dense matrix, scale 1 pum.

Fig. 3. Neoplastic cells with irregular nuclei that tend to be orientated as in a palisade, Note

enveloped mitochondria (arrows), V- vacuole, scale 1 um. (TEM).

Fig. 4. A spindle-shaped cell (myofibroblast) with meandering inviginations of the nucleus
envelope giving the nucleus the lobulated appearance. Note: the cell contains some
intracytoplasmic filaments, scale 1 pm. G- glycogen deposits, Ag- Golgi complex, Re- rough

endoplasmic reticulum, F- intracytoplasmic filaments (TEM).

Fig. 5. Fibrosis interpreted as probable fibrosarcoma, section through the foot of M. balthica,
abnormal cells infiltrating free space between muscle fibers (right) and columnar epithelium

(left), H&E, scale 50 pm.

Fig. 6. Two apparently different forms of cancer coexisting in gills of the clam diagnosed as
neoplastic, round shaped cells (arrow), spindle-cells (block arrow), H&E staining, scale 10

um.
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